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(57)[ABSTRACT OF THE DISCLOSURE] 

[SUBJECT OF THE INVENTION] It provides the heating method of a light 
metal injection-moulding die and the light metal injection-moulding method of 
making low the incidence rate of the defect of the formed product by the die 
temperature of a mould. 

[PROBLEM TO BE SOLVED] It inserts coil 3 for induction heating between the 
cover halfs 1 and movable types 2 which are in the mould opening state just 
before ejection of a molten metal, by supplying electricity this coil 3 in the state 
where it made the cavity surface 4 of a cover half 1 and a movable type 2 contact, 
it generates an eddy current in die 5. 

It temperature_raises only the cavity surface 4 to prescribed temperature for a 
short time. 
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[CLAIMS] 

[CLAIM 1] A rapid-heating method of the die for light metal injection moulding, 
which inserts the coil for induction heating (3) between the cover halfs (1) and 
movable types (2) which are in the mould opening state just before ejection of a 
molten metal, by supplying electricity this coil (3) in the state where it made the 
cavity surface (4) of a cover half (1 ) and a movable type (2) contact, it generates 
an eddy current in die (5). 

It temperature_raises the cavity surface (4) to prescribed temperature for a short 
time. 

[CLAIM 2] A light metal injection-moulding method, which pre-heats the cavity 
surface (4) with the preheating means provided in die (5), after spraying a die 
lubricant on the cavity surface (4), it inserts the coil for induction heating (3) 
between the cover halfs (1) and movable types (2) which are in the mould 
opening state just before ejection of a molten metal, by supplying electricity this 
coil (3) in the state where it made the cavity surface (4) of a cover half (1) and a 
movable type (2) contact, it generates an eddy current in die (5). 
After temperature_raising the cavity surface (4) to prescribed temperature for a 
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short time, it makes it transfer out of a die, and closes mould coil (3), after 
cooling the cavity surface (4) to predetermined temperature with the cooling 
means which provided the molten metal after ejection and a pressure 
preservation and in die (5), it opens die (5) and projects a formed product (11). 

[CLAIM 3] A light metal injection-moulding method of Claim 2, which controls 
the temperature on said surface of cavity (4) by said cooling means so that the 
direction at the time of cooling becomes low from a thermal time beforehand. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[TECHNICAL FIELD OF THE INVENTION] This invention relates to the 
rapid-heating method of the die for light metal injection moulding, and the light 
metal injection-moulding method using this method. 

[0002] 

[PRIOR ART] As a method of injection molding light metals, such as a 
Magnesium alloy or aluminum alloy, the die-cast method and the thixo moulding 
method are mentioned. 

A method is both filled with the molten metal heated by even prescribed 
molten_state in a metallic mould cavity at high speed, and it obtains a formed 
product. 

Although molten-metal temperature changes also with kinds of alloy, it is about 
600 degrees C. 

On the other hand, the cavity surface of a die is made into about 150 degree 
C-250 degree C. 

Therefore, the temperature difference on a molten metal and the surface of a 
metallic mould cavity will become very major, it coagulates the molten metal 
which flowed in in the metallic mould cavity to the inside of a short time of 
several ms - tens of ms, and it stops a flow. 

And when a flow stop is coagulated and carried out before the molten metal 
carried out the finalization of filling of the cavity, forming defects, such as a short 
shot or a weld, occur. 

Therefore, in order to control such a forming defect, it is important to lengthen 
the coagulation time of a molten metal, i.e., to make small the temperature 
difference on a molten metal and the surface of a cavity of a die. 
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It is effective to raise the temperature on the surface of a cavity of a die as the 
one method. 

[0003] As for the heating method of the cavity of a die, the following two 
methods are mainly mentioned. 

One builds the thermo-couple for an electric heater and thermometry in the 
inside of a die. 

A PID control etc. decides a heater operating quantity from the difference of the 
thermometry result and fixed temperature by a thermo-couple, let a die be a 
fixed temperature by supplying electricity at voltages as desired or time, and a 
heater. 

Another installs a flow path in the inside of a die, it maintains a die to fixed 
temperature by circulating the heat-carrier oil heated by 150 degree C-300 
degree C in in [of it]. 

In addition, these die heating methods maintain the whole die not only containing 
the cavity of a die but a master mold to fixed temperature. 

[0004] It is means effective when controlling a forming defect to, raise the 

temperature on the surface of a cavity of a die as above-mentioned. 

A solidification analysis shows the result of having calculated the coagulation 

time of the molten metal within the cavity of a die to FIG. 3. 

According to this figure, it raises the temperature on the surface of a cavity of a 

die to 350 degree C-400 degree C, 1.5-triple gets long the coagulation time of a 

molten metal rather than the present condition. 

Therefore, if the temperature on the surface of a cavity is raised, a coagulation 
time will get long, it can decrease the incidence rate of a forming defect. 
Furthermore, if a coagulation time gets long, it can form the same formed 
product with a smaller injection rate, and can form with a lower injection speed or 
a small-sized forming machine. 

[0005] 

[PROBLEM TO BE SOLVED BY THE INVENTION] However, if a die 
temperature is raised by the heating method mentioned above to 350 degree 
C-400 degree C, it will produce the following cause of damages. 

(a) Scuffing of the sliding part of a die, or burning (a slide core, ejector pin, etc.) 

(b) The repellence of the die lubricant on the surface of a cavity 
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(c) A deformation of the formed product at the time of a butt 

It produces above-mentioned (a) by making the whole die into a high 
temperature. 

It generates by the differential thermal expansion between the moving parts 
resulting from the temperature irregularity of a die. 

(b) is the phenomenon which boils and evaporates in an instant, without a die 
lubricant forming liquid film in the cavity surface, and cannot apply a die lubricant 
effectively, when a water-soluble die lubricant is applied to the cavity surface. 
As a result, a formed product becomes unreleasable from the cavity surface, 
defects, such as a deformation, occur. 

Since light metals, such as a Magnesium alloy or aluminum alloy, are deficient in 
the strength in a high temperature, a formed product changes (b) at the time of a 
butt. 

[0006] This invention is made in order to solve the problem mentioned above, 
comprised such that it makes into a problem to provide the heating method and 
the light metal injection-moulding method of a light metal injection-moulding die 
which can make low the incidence rate of the defect of the formed product by the 
die temperature of a mould. 

[0007] 

[MEANS TO SOLVE THE PROBLEM] In order to conquer the 
above-mentioned problem, it is necessary not to raise, as the PRIOR ART 
described the temperature of the whole die, but to raise only the temperature on 
the surface of a cavity of the die which it contacts a molten metal and directly. 
That is, it raises the cavity surface of a die even to prescribed temperature just 
before ejection of a molten metal. 

If the surface is cooled to the temperature projected and made into the cooling 
time after ejection filling, the above-mentioned problem is conquerable. 
Specifically, it inserts the coil for induction heating between the cover halfs and 
movable types which are in the mould opening state just before ejection of a 
molten metal, it supplies electricity the coil in the state where it made the cavity 
surface of a cover half and a movable type contact. 
By this, it generates an eddy current in a die. 
It raises the temperature on the surface of a cavity in a short time. 
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[0008] 

[EMBODIMENT OF THE INVENTION] Based on an Example, it demonstrates 
Embodiment of this invention with reference to drawing. 

[0009] As shown in FIG. 1 , the apparatus used for the temperature control on 
surface 4 of a cavity of die 5 comprises the degree regulators 7 of heat-carrier oil 
temperature and the solenoid-controlled-valve 8 grades for a change-over which 
it uses in order to pre-heat the power source 6 for induction heating which it uses 
in order to heat the cavity surface 4 of die 5 directly, coil 3, the air cylinder to 
which it moves this coil 3, and which it does not illustrate, and the cavity surface 
4 of die 5 and to cool. 

[0010] Next, based on (a) - (d) of FIG. 1, it demonstrates the rapid-heating 
method of the die for light metal injection moulding, and the light metal 
injection-moulding method using this method with reference to the flowchart of 
FIG. 2. 

(a) Start a circulation of heat-carrier oil, the temperature on surface 4 of a cavity 
of die 5 sprays a die lubricant towards the cavity surface 4 from the die-lubricant 
spraying apparatus 12 at the time of about 200 degrees C (step S1). 

(b) After that, just before ejection of a molten metal, insert coil 3 for induction 
heating between the cover halfs 1 and movable types 2 in the mould opening 
state (step S2), and fix in the position close to the cavity surface 4. 

And it supplies electricity the alternating-current electric current of a suitable 
frequency from the power source 6 for induction heating in this coil 3, and lets 
die 5 inside generate an eddy current. 

It heats directly the position which osmosed 0-5 mm from the cavity surface 4 
(step S3). 

At this point, it installs the thermo-couple 9 in the position with a depth of 1 mm 
from the cavity surface 4, and it heats about 1 to 30 seconds until it raises at the 
measured-value 350 degree C-400 degree C. 

It moves coil 3 out of die 5 promptly after the finalization of heat (step S4, S5). 

(c) Subsequently, perform mould closing, a clamping, ejection, and 
pressure-preservation action (step S6, S7). 

In the cooling process after the finalization of pressure-preservation action, it lets 
the flow path 10 provided internally by die 5 circulate through about 200-degree 
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C heat-carrier oil, and cools the cavity surface 4 and a formed product 11 (step 
S8). 

(d) And the temperature directions value by the above-mentioned thermo-couple 
9 opens a model in the place which fell to about 150 degree C-250 degree C, 
performs butt action of a formed product 11 (step S9), suspends a circulation of 
heat-carrier oil, and suspends cooling of die 5 (step S10). 
It repeats the above action, it performs forming, controlling the temperature on 
surface 4 of a cavity. 

[0011] When a personal computer case is formed with the light metal injection 
molding machine of clamping-force 450Ton with the die heating method (die 
temperature of 220 degrees C) of the past using AZ91D of a Magnesium alloy, 
many forming defects by a short shot occur in the overflow side, the fraction 
defective at this time was about 50%. 

Then, a short shot is improved, when temperature on surface 4 of a cavity of die 
5 before ejection is. made into 350 degrees C and formed by the method of this 
invention, a forming defect reduces, fraction defective reduced to 5%. 

[0012] In the above-mentioned Example, it is performing the pre-heat of a die 

by circulating through heat-carrier oil in a die. 

However, it may carry out by burying a cartridge heater. 

Moreover, in the above-mentioned Example, the above-mentioned heat-carrier 

oil is performing cooling of a die. 

However, it may carry out by circulating through a cooling water or coolant gas in 
a die. 

When using a cartridge heater for the pre-heat of a die, it carries out by 

circulating through heat-carrier oil, a cooling water, or coolant gas in a die. 

In addition, when circulating through a cooling water or coolant gas in a die, it is 

necessary to provide a cooling circuit in a die separately. 

That is, the preheating means and cooling means of a die have the case of being 

the same, and a separate case. 

[0013] 

[ADVANTAGE OF THE INVENTION] As above-mentioned, the method of this 
invention is comprised, therefore, it can acquire the following effects. 
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(a) Since the temperature on the surface of a cavity of the die just before ejecting 
a molten metal is high, the coagulation time of a molten metal gets long, it can 
make the incidence rate of a forming defect low. 

(b) The temperature on the surface of a cavity when being able to slide each part, 
since the temperature of the whole die is maintainable at about 200 degrees C, 
and spraying a die lubricant is also about 200 degrees C, therefore 

It does not produce the problem of the repellence of a die lubricant, either. 

(c) Since extraction temperature of a formed product can be made low by the 
cooling circuit which comprises a die lubricant in a die in addition to the ability to 
apply effectively, it also solves problems, such as a deformation by the butt of a 
formed product. 

(d) It can reduce a forming defect significantly by heating only the cavity surface 
of a die, preventing the cause of damage by raising a die temperature. 

(e) It can reduce an injection speed, therefore, a burr declines, a post processing 
becomes easy. 

Furthermore, it can form now the product which was not able to be formed if a 
forming machine even with the large sized past was not used with a small-sized 
forming machine, it can reduce cost. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[FIG. 1] It is the figure of the apparatus which implements the method of this 
invention of operation. 

[FIG 2] It is a flowchart for demonstrating action of the apparatus shown in FIG. 
1. 

[FIG 3] It is the figure showing a die temperature and the concern of the 
coagulation time of a formed product. 

[DESCRIPTION OF SYMBOLS] 1 Cover half 

2 Movable type 

3 Coil 

4 Cavity surface 

5 Die 



2/17/2005 



9/12 



(C) DERWENT 



JP2000-218356-A 



THOMSON 

*- 



6 The power source for induction heating 

7 The degree regulator of heat-carrier oil temperature 

8 The solenoid controlled valve for a change-over 

9 Thermo-couple 

10 Flow path 

11 Formed product 

12 Die-lubricant spraying apparatus 
[FIG 1] 




[FIG. 2] 
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